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Charge profiles in liquid electrolytes are of crucial importance for applications, such as supercapac-
itors, fuel cells, batteries, or the self-assembly of particles in colloidal or biological settings. However,
creating localised (screened) charge profiles in the bulk of such electrolytes, generally requires pres-
ence of surfaces -for example provided by colloidal particles or outer surfaces of the material, - which
poses a fundamental constraint on the material design. Here, we show that topological defects in
nematic electrolytes can perform as regions for local charge separation, forming charged defect cores
and in some geometries even electric multilayers, as opposed to the electric double layers found
in isotropic electrolytes. Using a Landau-de Gennes-Poisson-Boltzmann theoretical framework, we
show that ions highly effectively couple with the topological defect cores via ion solvability, and
with the local director-field distortions of the defects via flexoelectricity. The defect charging is
shown for different defect types — lines, points and walls — using geometries of ionically screened
flat IN interfaces, radial hedgehog point defects and half-integer wedge disclinations in the bulk and
as stabilised by (charged) colloidal particles. More generally, our findings are relevant for possible
applications where topological defects act as diffuse ionic capacitors or as ionic charge carriers.
I. INTRODUCTION
The ability to spatially control electric charge has rel-
evance in a range of fields, from charged polymers [1, 2],
biological [3] and active matter [4], to colloidal materials
[5], complex fluids [6] and even microelectronics [7]. Of
special importance are systems where the charge carri-
ers are ions, the so-called electrolytes, and they occur in
applications such as fuel cells, batteries, actuators, and
sensors, but also occur in the biological context in cells
(aqueous electrolytes). Electrolytes can be based on liq-
uids [8], polymer gels [9], or solids [10], and depending
on the application, physical properties such as high ionic
conductivity or specific electrode compatibility are de-
sired. However, importantly, the ability to locally control
the charge or charge profiles in these types of electrolytes
is limited in the sense that in order to separate charges
-i.e. to create electric double layers- generally requires
the presence of an interface, such as a solid-liquid or a
liquid-liquid interface. Here, we will show that so-called
nematic (liquid-crystalline) electrolytes are free of these
limitations because of their partially ordered (orienta-
tional) structure.
The coupling of ionic charges to orientational (tenso-
rial) order in nematic electrolytes, as we shall show, has
some analogy with the ionic coupling to the composition
(scalar) profile in mixtures of two (or more) partially im-
miscible fluids, such as oil and water, where the charge
accumulates at the interface between the different com-
ponents [11–16]. The difference of ion solvability between
the two phases in in such fluid-fluid mixtures, or ion par-
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titioning, gives rise to the Donnan (or Galvani) potential
between the oil and water bulk phases, and also electri-
fies the oil-water interface by the formation of a back-
to-back electric double layer at the oil-water interface
[17, 18], mirroring the depletion region of semiconductor
PN junctions. Consequently, the fluid-fluid interfacial
tension is altered [19], and the interface carries an in-
trinsic capacitance, which can alter the total capacitance
of electrochemical cells [20, 21]. These approaches were
shown recently to even drive surface phase transitions be-
tween various types of electric double layers containing an
antagonistic salt [22]. However, there is limited control
for the positioning of an oil-water interface, and there-
fore where the double layer forms. In contrast, nematic
fluids, due to their increased degree of order compared to
isotropic fluids yet still being fluid like, offer more possi-
bilities for charge control.
The manipulation of the electric charge — typically as
free ions — was explored in nematic fluids for various mo-
tivations. A known example was the first LCD display
that used ionic doping [23]. More recently, charge and
ions are shown to affect ion transport [24–27], surface an-
choring [28–30], colloidal self-assembly [31–33], and sur-
face charge control [34]. Nematic fluids posses orienta-
tional order of their building blocks which can exhibit
topologically protected patterns, called topological de-
fects. Topological defects in the form of points, lines and
walls can be ascribed different topological invariants, in-
cluding winding number and topological charge (different
to electric). In recent years, the control of nematic topo-
logical defect advanced to the level that they can be de-
signed and created into topological elements as diverse as
loops, points, solitons, and even knots [35–41], establish-
ing an effective topological soft matter platform capable
of diverse topological manipulations on the microscopic
level, including with optical tweezers [42], external fields
[43–45], and even driving with active matter [46]. The
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2central idea of this paper is that efficient charge separa-
tion in the bulk of the material, combined with the pos-
sibilities to manipulate the topological defects of nematic
electrolytes, can then lead to the capacity to use topo-
logical defects as controllable fluid-like microelectronic
elements.
In this paper we demonstrate the use of nematic topo-
logical defects for bulk manipulation of free ions using
mesoscopic numerical modelling based on a Landau-de
Gennes-Poisson-Boltzmann approach. Specifically, we
show that coupling of ions to the nematic ordered struc-
ture is particularly strong in topological defects, and
leads to charging of the defect cores which are then
screened by bulk electric “multi” (double) layers. Se-
lected topological defect geometries are used to demon-
strate the concept of electric charging of topological de-
fects, including point hedgehog, ±1/2 wedge defect lines,
and (Saturn-ring) defect loops around spherical colloidal
particles. The charging mechanism of the topological de-
fects is shown to be governed by ion partitioning and
coupling to flexo- and order-electricity, which can be un-
derstood from the simplified geometry of a flat isotropic-
nematic interface. More generally, the idea of this paper
is that topological defects as part of a more general topo-
logical soft matter platform could be transformed into
soft microelectronic circuits.
II. METHODS AND MATERIAL SYSTEM
We consider systems where the orientational order of a
nematic electrolyte couples to ionic degrees of freedom, as
schematically shown in Fig. 1. The examplary materials
are ion-doped nematic electrolytes, where the medium
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Figure 1. Scheme of nematic topological defect loop, with the
isotropic core visualised in green, where positive and nega-
tive ions redistribute according to the local order parameter,
director field and flexoelectric polarisation.
can be either thermotropic or lyotropic, with dielectric
anisotropy [47] and flexoelectricity [48]. The strong ap-
proach to explore topological defects at the mesoscale is
by constructing the total free energy of the system F
from different elementary contributions [49, 50]
F [φ, ρ±,Q] = FLC[Q]+FS[ρ±]+FC[ρ±,Q]+FEL[φ, ρ±,Q],
(1)
with φ(r)/(βqe) being the electrostatic potential, qe the
elementary charge, and β−1 = kBT the thermal energy.
We denote the ionic number densities of cations (anions)
by ρ+(r) (ρ−(r)), and the nematic order parameter ten-
sor with Q(r). We specify each contribution below.
The free energy of a distorted -elastically or by variable
nematic degree of order- nematic electrolyte is described
by the Landau-de Gennes free energy [49]:
FLC[Q] =
∫
dr
{
L
2
∂kQij(r)∂kQij(r)+ (2)
A
2
tr[Q(r)2] +
B
3
tr[Q(r)3] +
C
4
{tr[Q(r)2]}2
}
,
with L the single elastic constant, and A, B and C
Landau-de Gennes bulk parameters. The single elastic
constant is used for simplification, but also noting that
many nematic materials have three different elastic con-
stants of similar values.
The non-electrostatic part of the ions is modelled as
an ideal gas contribution to the free energy [51],
βFS[ρ±] =
∑
α=±
∫
dr ρα(r){ln[ρα(r)Λ3α]− 1}, (3)
where ions are electrostatically coupled to each other and
to Q via a dielectric (tensorial) coupling and via flexo-
and order-electricity,
βFEL[φ, ρ±,Q] =
∫
dr
[
q(r)φ(r) +∇φ(r) ·Pf (Q(r))
− 1
8piλB ¯
ij(Q(r))∂iφ(r)∂jφ(r)
]
, (4)
with the flexo- and order-electric polarization qePf given
in the one-constant approximation,
(Pf )i(r) = G∂jQij(r), (5)
with G the flexoelectric constant. Note that the flexo-
and order electric modes are mixed in the one-constant
approximation, henceforth when we mention flexoelec-
tricity, it is implied that we mean flexo and orderelectric-
ity, unless stated otherwise. The different flexo- and or-
derelectric modes can be independently tuned, if higher-
order terms in gradients of Q are considered [52]. The
ideal gas formulation of the non-electrostatic part of the
ionic free energy is based on selected assumptions: ion
concentrations are sufficiently low, such that effects as
3Bjerrum pair formation [53] and ion packing [54] can be
neglected. For the electrostatic part, we assume that
dipolar effects [55] are sufficiently weak such that only
the minimal couplings are needed, and mesogens are not
net charged [56]. The dielectric tensor in nematic elec-
trolytes is given by [49] ij(r) = ¯δij +
2
3
a
mQij(r), with
¯ the isotropic dielectric constant and am the molecular
dielectric anisotropy. Finally, we introduce the isotropic
Bjerrum length λB = βq
2
e/(4pi0¯), with 0 the vacuum
permittivity.
The solvation energy contribution FC[ρ±,Q] is a non-
electrostatic coupling of Q(r) with ρ±(r),
βFC[ρ±,Q] =
∑
α=±
∫
dr gαρα(r)tr[Q(r)
2]. (6)
which can be interpreted as a coupling of ρ±(r) to an
external potential βV±(r) = g±tr[Q(r)2], with g± the di-
mensionless Gibbs transfer energies [57, 58]. The g± can
be interpreted as the free energy cost for an ion to be
transferred from the isotropic phase to the nematic phase,
and can be experimentally determined [59]. A similar
contribution to the free energy has been investigated
in lyotropic liquid crystals [60] changing the isotropic-
nematic transition temperature. Such couplings are typ-
ical in solutes which are usually more soluble in a more
disordered phase, such as for example the solvability of a
solute in gases, with liquids and that of solids. In binary
fluid-fluid mixtures free energy contributions of this type
are introduced, either via linear coupling [61–63], or via
couplings based on the lattice gas [13].
For the presented results we use the following material
parameters, typical for standard nematics: L = 4 · 10−11
J m−1 A = −0.172 · 106 J m−3, B = −2.12 · 106 J
m−3, C = 1.74 · 106 J m−3 (with equilibrium nematic
degree of order Sb =
1
2 (
−B
3C +
√(
B
3C
)2 − 8A3C ) ≈ 0.53),
dielectric properties [64] ¯ = 10.3 (so λB = 6 nm),
m‖ = 33.3 and 
m
⊥ = 12.4, and 
m
a = 
m
‖ − m⊥ . Typi-
cal values for the flexoelectric coefficient for calamitics
are qeG = 1− 10 pC m−1 [65, 66], whereas bent-core ne-
matics can have values in the nC m−1 range [67]. For
solvability of ions in nematics we assume that they are
dissolved better in the disordered (isotropic) phase, tak-
ing g+ = 3 and g− = 8; note that the exact numbers
depend on the type of solvent, temperature, and type
of ions. Negative values of g± correspond to a prefer-
ence for the nematic phase, which we will not consider
here, but can be equally implemented. Finally, typical
(isotropic) Debye screening lengths in thermotropics are
between 50 − 1000 nm [29, 33, 68, 69], and with doping
even values of ∼ 1 nm can be reached [70].
III. ELECTRIC DOUBLE LAYER OF AN
ISOTROPIC-NEMATIC INTERFACE
First we demonstrate the ion-nematic couplings in the
simple geometry of a flat isotropic-nematic (IN) interface,
which provides central insights in the ion coupling in the
cores of nematic electrolyte topological defects. To ob-
tain analytical insight, we assume that the nematic order
is uniaxial,
Qij(r) =
3
2
S(r)
[
ni(r)nj(r)− 1
3
δij
]
, (7)
with S(r) the scalar uniaxial order parameter and n(r)
the nematic director. We assume n = ez, to find the
Euler-Lagrange (EL) equations δF/δS(z) = 0
3
2
βLS′′(z) +Gφ′′(z) +
ma
12piλB ¯
[φ′(z)]2 = (8)
3S(z)
∑
α=±
gαρα(z) +
∂
∂S
{
9
16
βC[S(z)]2[S(z)− SIN]2
}
,
with SIN = −2B/(9C) = 0.272, and from δF/δφ(z) = 0
we find the Poisson equation[(
1 +
2
3
ma
¯
S(z)
)
φ′(z)− 4piλBGS′(z)
]′
=
−4piλB [ρ+(z)− ρ−(z)], (9)
where δF/δρ±(z) = µ± gives
ρ±(z) = ρs exp
[
∓φ(z)− 3
2
g±S(z)2
]
. (10)
The ions are grand-canonically coupled to an isotropic
reservoir of total bulk ion density 2ρs and chemical po-
tential βµ± = ln(ρsΛ3±). Note that an other choice of
the assumed uniform director field would renormalize the
values of G and L.
The set of Eqs. (8)-(10) has selected analytical solu-
tions:
(i) For ρs = G = 0, the analytical solution is [18, 71]
S(z) =
SIN
2
[
1 + tanh
(
z
2ξ
)]
, (11)
with ξ = 3
√
3LC/(−B) the correlation length. We fixed
the integration constants such that the mean order pa-
rameter equals SIN/2 and that for z > 0 we have the
nematic phase, while for z < 0 we have the isotropic
phase.
(ii) For G 6= 0 and ρs = 0, the Poisson equation can
be integrated, to find
φ(z) =
6piλBG
ma
ln
[
1 +
2
3
ma
¯
S(z)
]
. (12)
This result shows a potential difference φO between the
isotropic and nematic phase, where we set the isotropic
phase to zero, where
φO =
6piλBG
ma
ln
(
1 +
2
3
ma
¯
SIN
)
. (13)
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Figure 2. Electic double layer of flat isotropic nematic inter-
face (positioned at z = 0). Effect of order electricity and ion
partitioning on (a) the order parameter profile S(z), (b) the
dimensionless electrostatic potential φ(z), and (c) the ion den-
sities for anions ρ−(z) (full lines) and cations ρ+(z) (dashed
lines). In all plots, we used κ−1I = 50 nm, which results
in a bulk ion density in the isotropic phase ρIs = 4.4 · 10−6
M, and the nematic correlation length is ξ = 20 nm. When
order electricity is included we used order-electric coefficient
qeG = 1 pC m
−1, and when ion partitioning is included we
used g+ = 3 and g− = 8.
We estimate the magnitude of this potential by using
values of standard nematic electrolytes, see Sec. II, to
find that φO = 0.2 − 2. At room temperature this is
equivalent to 5 − 50 mV, which are substantially large
potential differences to which ion densities can couple.
(iii) For G = 0 and L → 0 (regime of small nematic
elasticity), the IN interface becomes sharp, i.e. S(z) = 0
for z < 0 and S(z) = SIN for z > 0. The Poisson equation
reduces then to the modified Poisson-Boltzmann equa-
tion,
φ′′(z) =
{
κ2I sinh[φ(z)], z < 0,
κ2N sinh[φ(z)− φD], z > 0.
(14)
Here φD = (3/4)S
2
IN(g− − g+) is the Donnan potential.
We write the Debye screening length κ−1N (κ
−1
I ) in the ne-
matic (isotropic) phase, with κ2i = 8piλ
i
Bρ
i
s, i = I,N with
isotropic bulk density, ρIs = ρs, and nematic bulk density
ρNs = ρs exp[−(3/4)S2IN(g++g−)]. Furthermore, we write
the isotropic Bjerrum length λIB = λB and nematic Bjer-
rum length λNB = λB(¯/N ), with N = ¯ + (2/3)
m
a SIN.
Equivalent to the boundary condition φ′(z) = 0 for z →
±∞, we can impose charge neutrality of the bulk fluids,
this gives us the boundary conditions limz→−∞ φ(z) = 0
and limz→∞ φ(z) = φD. Together with these boundary
conditions, the solution of Eq. (14) is equivalent to that
of ions partitioning over an oil-water interface [72]
φ(z) =

2 log
{
1 + CI exp[κIz]
1− CI exp[κIz]
}
, z < 0,
2 log
{
1 + CN exp[−κNz]
1− CN exp[−κNz]
}
+ φD, z > 0,
(15)
with integration constants CI and CN . Moreover, φ(z) is
continuous at z = 0 and there is a continuity condition for
the dielectric displacements, ¯φ′(0−) = Nφ′(0+). If we
define χ := κI ¯/(κN N ), then the integration constants
can be compactly written as
CI =
χ+ cosh(φD/2)−
√
1 + χ2 + 2χ cosh(φD/2)
sinh(φD/2)
,
(16)
and
CN =
√
1 + χ2 + 2χ cosh(φD/2)− 1− χ cosh(φD/2)
χ sinh(φD/2)
.
(17)
Finally, we find the density profiles
ρ±(z) =

ρIs
[
1∓ CI exp(κIz)
1± CI exp(κIz)
]2
, z < 0,
ρNs
[
1∓ CN exp(−κNz)
1± CN exp(−κNz)
]2
, z > 0.
(18)
From this analytical solution, we learn that g± has var-
ious effects. On the one hand it causes a potential dif-
ference between the isotropic bulk and the nematic bulk,
set by the difference g− − g+. In addition, these quanti-
ties renormalize the bulk ion densities which is set by the
sum g+ + g−, and, consequently, the screening length is
affected. We can imagine this as follows: a back-to-back
electric double layer is formed with a higher charge den-
sity at the isotropic side of the interface, compensated
by a lower, but spatially more extended charge density
at the nematic side.
In addition to the analytical solutions (i) to (iv), we
numerically solve the full electric double layer at the
isotropic-nematic interface, with results presented in Fig.
2. We find that order electricity does not affect the in-
terface structure, as described by S(z), to a significant
extent for these low salt concentrations [see Fig. 2(a), red
line]. In contrast to the unscreened case [Eq. (12)], there
is no potential difference between the isotropic and ne-
matic bulk, see Fig. 2(b), red line, although an electric
field is generated close to the interface as indicated by
5the modulation of the electrostatic potential around the
isotropic-nematic interface. From the ion density pro-
files, we see that an electric double layer is formed where
the bulk densities in the isotropic and nematic phase are
equal, see Fig. 2(c), red lines. Hence the absence of a
potential difference of the two bulk phases can be un-
derstood in terms of maintaining bulk charge neutrality.
Finally, for G > 0 the isotropic side of the interface is
positively charged, whereas the nematic side is negatively
charged, where the polarity of the double layer switches
sign for G < 0.
When only ion partitioning is included, the interface
structure is not affected [Fig. 2(a), green line], and a
Donnan potential is generated between isotropic and ne-
matic phase [Fig. 2(b), green line], similar to the in-
finitely sharp interface [Eq. (15)]. Again a back-to-back
electric double layer is formed at the interface as in the
order-electric case, with the main difference that the ion
bulk densities and screening lengths in the isotropic and
nematic phase are unequal, see Fig. 2(c), green line. For
this specific choice of parameters the isotropic side of the
interface is negatively charged, and the nematic side is
positively charged.
When both ion partitioning and order electricity are
taken into account, we see their combined effects in the
electrostatic potential, Fig. 2(b), blue line. There is a po-
tential difference, but also a non-monotonic modulation
appears close to the interface. In this specific case the
order-electric effect generates a double layer with oppo-
site polarity compared to the double layer formed by ion
partitioning. The result is that order electricity flips the
sign of the charge compared to the ion-partitioning only
case, because we have chosen G to be sufficiently large.
The charge of the double layer in the order-electric case
would have been enhanced when combined with ion par-
titioning if we would have chosen g+ > g− instead of
g− > g+ as was done in Fig. 2.
IV. ELECTRIC DOUBLE LAYER OF A RADIAL
HEDGEHOG TOPOLOGICAL DEFECT
Topological defects in nematic electrolytes have topo-
logically distinct director distortion profiles, which are
electrostatically susceptible to mechanisms of order elec-
tricity and flexoelectricity. An elementary topological de-
fect in nematic electrolytes is the uniaxial radial hedge-
hog defect (n = er), and we demonstrate that such topo-
logical defect can be charged with ions. The EL equa-
tions are solved using a spherical box with radius R ex-
ploiting the spherical symmetry, and assuming bound-
ary conditions S′(0) = S′(R) = 0 and no free surface
charge density. In Fig. 3 we show the electric double
layer characteristics for regimes of: (i) nonzero flexoelec-
tricity G 6= 0 and zero ion solvability g± = 0 (red curves),
(ii) zero flexoelectricity G = 0 and nonzero ion solvability
g± 6= 0 (green curves) and, (iii) nonzero flexoelectricity
G 6= 0 and nonzero ion solvability g± 6= 0 (blue). In
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Figure 3. Electric double layer of radial +1 nematic topolog-
icla point defect. Effect of flexo and order electricity, and ion
partitioning on (a) the order parameter profile S(z), (b) the
dimensionless electrostatic potential φ(z), and (c) the ion den-
sities for anions ρ−(r) (full lines) and cations ρ+(r) (dashed
lines). In all plots, we used κ−1I = 10 nm, which results
in a bulk ion density in the isotropic phase ρIs = 1.1 · 10−4
M. When order and flexo electricity is included we used
qeG = 3 pC m
−1, and when ion partitioning is included
we used g+ = 3 and g− = 8. System size is taken to be
R = 250 nm.
line with the results for the flat interface in Sec. III, we
observe that the order parameter profile (i.e. the molten
defect core) is only weakly influenced by the presence of
ion partitioning or flexo and order electricity, see Fig.
3(a). As is usual, we observe an isotropic core and that
the order parameter attains its bulk value for r → ∞
[73].
The electrostatic potential in the defect is strongly de-
pendent on the value of g± and G, see Fig. 3(b) with the
potential difference generated between the isotropic core
and the nematic bulk. The main difference to the flat
isotropic-nematic interface is that the electrostatic po-
tential at the core center does not vanish, φ(0) 6= 0. This
indicates that even when the core is perfectly isotropic,
there is a net ionic charge density, as can be understood
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Figure 4. Total charge number N in the isotropic core of a
radial hedgehog defect for varying values of the flexo/order-
electric coefficient G as function of the isotropic Debye screen-
ing length κ−1I . (a) corresponds to regime with no ion parti-
tioning, g+ = g− = 0, and (b) with ion partitioning g+ = 3
and g− = 8. System size is 250 nm.
from Eq. (10). In other words, the isotropic core is too
small to effectively perform as an isotropic bulk, and this
is also apparent in the ion density profiles, where ρ±(r)
do not attain their bulk values ρIs in the isotropic core,
see Fig. 3(c) for any of the three cases. Actually, it is
difficult to attain bulk neutrality in the isotropic phase,
because the interfacial width is relatively large. Oil-water
droplets, in contrast have been studied where bulk neu-
trality in the droplet is achieved in Ref. [74], but these
droplets are much larger than the isotropic core of an
uniaxial hedgehog. However, we will still use ρIs (and not
ρNs ) as our reference density because then the same ref-
erence density is used for both the flexoelectric case as
the ion partitioning case, recall ρNs = ρ
I
s for g± = 0, but
they are unequal for g± 6= 0.
From Fig. 3(c), we see that the defect core carries a
net charge. We calculate this net charge N as
N =
∫
r<Rc
dr [ρ+(r)− ρ−(r)], (19)
where Rc is a cut-off radius for which the system attains
an order parameter of half its bulk value (Rc ≈ 25 nm).
In Fig. 4, we show the dependence of N with respect to
κ−1I and G for (a) without and (b) with ion partitioning,
where the partition coefficients are chosen to give rise
to an electric double layer with opposite polarity com-
pared to the pure flexo/order electric case. Note that
tuning κ−1I corresponds to tuning the reservoir salt con-
centration and not the average salt concentration in the
hedgehog defect. For no ion partitioning [Fig. 4(a)] we
see that higher values of flexoelectric coupling G leads to
higher N and that the highest N occurs for small κ−1I
(high values of ρIS). When there is ion partitioning with
opposite polarity, we see in Fig. 4(b) that increasing G
initially reduces the amount of charge in the isotropic
core, which is then followed by an increase in N when
the core changes from negatively charged to positively
charged.
Finally, we note that despite the isotropic core to be
electrically charged, the whole defect as a whole, together
with the nematic region, is globally charge-neutral. In
this sense, Fig. 3(c) shows that the highest local ion
densities are concentrated close to the isotropic core, but
for sufficiently large r the screening cloud becomes oppo-
sitely charged, with a small positive (only ion partition-
ing) or negative (only flexoelectricity) net charge density.
In other words, there is a strong localization of charge
in the isotropic core, whereas the neutralizing charge is
spread out over a larger volume sufficiently far from this
core in order to maintain global charge neutrality. As a
practical illustration, this “sign switch” of the net ionic
charge occurs in Fig. 3(c) for r ≈ 215 nm (red lines),
r ≈ 60 nm (green lines) and r ≈ 190 nm (blue lines).
V. WEDGE DISCLINATIONS
Nematic topological defect lines are another elemen-
tary objects that can be formed in nematic electrolytes
as a result of surface or external field imposed frustra-
tion of the orientational order, and -as we show- they
can perform as effective diffuse capacitors. We will use
the full Q-tensor theory in our calculations from Sec. II
and exploit the translational invariance along the z di-
rection and we impose an uniaxial far-field condition for
Q(r → ∞, ϕ, z) (in cylindrical coordinates) with bulk
order parameter Sb and director field given by Oseen’s
solution [75–77] n(r) = [cos(kϕ), sin(kϕ), 0], where k is
the winding number of the defect.
In Fig. 5, we show the results of solving the EL equa-
tions of such a system under the assumption of global
charge neutrality. The nematic order parameter profiles
are not influenced by the ions in this parameter regime.
In Fig. 5(a) we plot the uniaxial order parameter (ne-
matic degree of order) S, whereas in Fig. 5(b) we plot the
biaxial order parameter P . The green curve in all plots
indicates the (cylindrical) isosurface S = 0.48, which ef-
fectively corresponds to the isotropic core of the defect.
In Fig. 5(c), we plot the eigenvalues of Q along the cross
section y = 0, along with the values of S and P . The
dotted lines indicate the core region. For these wedge
disclinations, we also found that the Q tensor is not in-
fluenced by the presence of ions or flexoelectricity.
In Fig. 5(d)-(f) we plot the net ionic charge density
[ρ+(x, y) − ρ−(x, y)]/ρIs for a k = −1/2 defect. The
streamlines show the director profile to aid visualization
of the defect. In Fig. 5(d) we show a representative
example for g+, g− 6= 0 but G = 0. We see that the
core is negatively charged since g− > g+, although the
core in this case is not isotropic, but biaxial. The ex-
ternal potential governing ion partitioning in this case is
βVα(r) = gα[3S(r)
2/2+2P (r)2], which suggests that the
ions couple the same way to S(r) as to P (r). However,
the combination in brackets is smaller in the core, so
there is still preferential ion partitioning within the (bi-
axial) core. The ion cloud within the core is cylindrically
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<latexit s ha1_base64="T+Qdgu FHHAPcE+EtNGFdCw83J O0=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+ go2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau+ +0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVT egGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH80 0QT+iI8lDzqix0kOVXQ 7KFbfmLkDWiZeTCuRo Dspf/WHM0gilYYJq3fP cxPgZVYYzgbNSP9WYU DahI+xZKmmE2s8Wp87 IhVWGJIyVLWnIQv09kd FI62kU2M6ImrFe9ebi f14vNeG1n3GZpAYlWy4 KU0FMTOZ/kyFXyIyYW kKZ4vZWwsZUUWZsOiUb grf68jpp12ueW/Pu65 XGTR5HEc7gHKrgwRU04 A6a0AIGI3iGV3hzhPP ivDsfy9aCk8+cwh84nz +JR41E</latexit><latexit s ha1_base64="T+Qdgu FHHAPcE+EtNGFdCw83J O0=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+ go2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau+ +0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVT egGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH80 0QT+iI8lDzqix0kOVXQ 7KFbfmLkDWiZeTCuRo Dspf/WHM0gilYYJq3fP cxPgZVYYzgbNSP9WYU DahI+xZKmmE2s8Wp87 IhVWGJIyVLWnIQv09kd FI62kU2M6ImrFe9ebi f14vNeG1n3GZpAYlWy4 KU0FMTOZ/kyFXyIyYW kKZ4vZWwsZUUWZsOiUb grf68jpp12ueW/Pu65 XGTR5HEc7gHKrgwRU04 A6a0AIGI3iGV3hzhPP ivDsfy9aCk8+cwh84nz +JR41E</latexit><latexit s ha1_base64="T+Qdgu FHHAPcE+EtNGFdCw83J O0=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+ go2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau+ +0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVT egGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH80 0QT+iI8lDzqix0kOVXQ 7KFbfmLkDWiZeTCuRo Dspf/WHM0gilYYJq3fP cxPgZVYYzgbNSP9WYU DahI+xZKmmE2s8Wp87 IhVWGJIyVLWnIQv09kd FI62kU2M6ImrFe9ebi f14vNeG1n3GZpAYlWy4 KU0FMTOZ/kyFXyIyYW kKZ4vZWwsZUUWZsOiUb grf68jpp12ueW/Pu65 XGTR5HEc7gHKrgwRU04 A6a0AIGI3iGV3hzhPP ivDsfy9aCk8+cwh84nz +JR41E</latexit><latexit s ha1_base64="T+Qdgu FHHAPcE+EtNGFdCw83J O0=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+ go2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau+ +0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVT egGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH80 0QT+iI8lDzqix0kOVXQ 7KFbfmLkDWiZeTCuRo Dspf/WHM0gilYYJq3fP cxPgZVYYzgbNSP9WYU DahI+xZKmmE2s8Wp87 IhVWGJIyVLWnIQv09kd FI62kU2M6ImrFe9ebi f14vNeG1n3GZpAYlWy4 KU0FMTOZ/kyFXyIyYW kKZ4vZWwsZUUWZsOiUb grf68jpp12ueW/Pu65 XGTR5HEc7gHKrgwRU04 A6a0AIGI3iGV3hzhPP ivDsfy9aCk8+cwh84nz +JR41E</latexit>
(e)
<latexit sha1_base64="faa1LV+y+rcDjqb giXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr2 9Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHq WLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix0kMVLwfliltzFyD rxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKl jRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7hMUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYWO qKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvB yWdO4Q+czx+MUY1G</latexit><latexit sha1_base64="faa1LV+y+rcDjqb giXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr2 9Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHq WLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix0kMVLwfliltzFyD rxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKl jRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7hMUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYWO qKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvB yWdO4Q+czx+MUY1G</latexit><latexit sha1_base64="faa1LV+y+rcDjqb giXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr2 9Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHq WLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix0kMVLwfliltzFyD rxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKl jRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7hMUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYWO qKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvB yWdO4Q+czx+MUY1G</latexit><latexit sha1_base64="faa1LV+y+rcDjqb giXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr2 9Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHq WLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix0kMVLwfliltzFyD rxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKl jRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7hMUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYWO qKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvB yWdO4Q+czx+MUY1G</latexit>
(f)
<latexit sha1_base64="8ivO1DMqFHtIvjD ECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr2 9Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iV DPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyilR6q4eWgXHFr7gJ knXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljb UshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/UyoJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCRt TTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0F J585hT9wPn8AjdaNRw==</latexit><latexit sha1_base64="8ivO1DMqFHtIvjD ECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr2 9Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iV DPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyilR6q4eWgXHFr7gJ knXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljb UshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/UyoJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCRt TTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0F J585hT9wPn8AjdaNRw==</latexit><latexit sha1_base64="8ivO1DMqFHtIvjD ECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr2 9Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iV DPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyilR6q4eWgXHFr7gJ knXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljb UshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/UyoJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCRt TTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0F J585hT9wPn8AjdaNRw==</latexit><latexit sha1_base64="8ivO1DMqFHtIvjD ECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr2 9Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iV DPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4T10bE6hGnCfcjOlIiFIyilR6q4eWgXHFr7gJ knXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljb UshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/UyoJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCRt TTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0F J585hT9wPn8AjdaNRw==</latexit>
(g)
<latexit sha1_base64="25lMflsSGgAC0vNTvxm2m7q65so=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnOXJXt7x+6eEEJ+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEquDau++0UNja3tneKu6W9/YPDo/LxSVsnmWLYYolIVDegGgWX2DLcCOymCmkcCOwE49u533 lCpXkiH80kRT+mkeQhZ9RY6aEaXQ7KFbfmLkDWiZeTCuRoDspf/WHCshilYYJq3fPc1PhTqgxnAmelfqYxpWxMI+xZKmmM2p8uTp2RC6sMSZgoW9KQhfp7YkpjrSdxYDtjakZ61ZuL/3m9zITX/p TLNDMo2XJRmAliEjL/mwy5QmbExBLKFLe3EjaiijJj0ynZELzVl9dJu17z3Jp3X680bvI4inAG51AFD66gAXfQhBYwiOAZXuHNEc6L8+58LFsLTj5zCn/gfP4Aj1uNSA==</latexit><latexit sha1_base64="25lMflsSGgAC0vNTvxm2m7q65so=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnOXJXt7x+6eEEJ+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEquDau++0UNja3tneKu6W9/YPDo/LxSVsnmWLYYolIVDegGgWX2DLcCOymCmkcCOwE49u533 lCpXkiH80kRT+mkeQhZ9RY6aEaXQ7KFbfmLkDWiZeTCuRoDspf/WHCshilYYJq3fPc1PhTqgxnAmelfqYxpWxMI+xZKmmM2p8uTp2RC6sMSZgoW9KQhfp7YkpjrSdxYDtjakZ61ZuL/3m9zITX/p TLNDMo2XJRmAliEjL/mwy5QmbExBLKFLe3EjaiijJj0ynZELzVl9dJu17z3Jp3X680bvI4inAG51AFD66gAXfQhBYwiOAZXuHNEc6L8+58LFsLTj5zCn/gfP4Aj1uNSA==</latexit><latexit sha1_base64="25lMflsSGgAC0vNTvxm2m7q65so=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnOXJXt7x+6eEEJ+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEquDau++0UNja3tneKu6W9/YPDo/LxSVsnmWLYYolIVDegGgWX2DLcCOymCmkcCOwE49u533 lCpXkiH80kRT+mkeQhZ9RY6aEaXQ7KFbfmLkDWiZeTCuRoDspf/WHCshilYYJq3fPc1PhTqgxnAmelfqYxpWxMI+xZKmmM2p8uTp2RC6sMSZgoW9KQhfp7YkpjrSdxYDtjakZ61ZuL/3m9zITX/p TLNDMo2XJRmAliEjL/mwy5QmbExBLKFLe3EjaiijJj0ynZELzVl9dJu17z3Jp3X680bvI4inAG51AFD66gAXfQhBYwiOAZXuHNEc6L8+58LFsLTj5zCn/gfP4Aj1uNSA==</latexit><latexit sha1_base64="25lMflsSGgAC0vNTvxm2m7q65so=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnOXJXt7x+6eEEJ+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEquDau++0UNja3tneKu6W9/YPDo/LxSVsnmWLYYolIVDegGgWX2DLcCOymCmkcCOwE49u533 lCpXkiH80kRT+mkeQhZ9RY6aEaXQ7KFbfmLkDWiZeTCuRoDspf/WHCshilYYJq3fPc1PhTqgxnAmelfqYxpWxMI+xZKmmM2p8uTp2RC6sMSZgoW9KQhfp7YkpjrSdxYDtjakZ61ZuL/3m9zITX/p TLNDMo2XJRmAliEjL/mwy5QmbExBLKFLe3EjaiijJj0ynZELzVl9dJu17z3Jp3X680bvI4inAG51AFD66gAXfQhBYwiOAZXuHNEc6L8+58LFsLTj5zCn/gfP4Aj1uNSA==</latexit>
(i)
<latexit sha1_base64="pJ7Rm6ELWNLhl4CHj7D5LJZUxAg=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533 lCpXksH800QT+iI8lDzqix0kOVXw7KFbfmLkDWiZeTCuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeG1n3 GZpAYlWy4KU0FMTOZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3hzhPPivDsfy9aCk8+cwh84nz+SZY1K</latexit><latexit sha1_base64="pJ7Rm6ELWNLhl4CHj7D5LJZUxAg=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533 lCpXksH800QT+iI8lDzqix0kOVXw7KFbfmLkDWiZeTCuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeG1n3 GZpAYlWy4KU0FMTOZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3hzhPPivDsfy9aCk8+cwh84nz+SZY1K</latexit><latexit sha1_base64="pJ7Rm6ELWNLhl4CHj7D5LJZUxAg=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533 lCpXksH800QT+iI8lDzqix0kOVXw7KFbfmLkDWiZeTCuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeG1n3 GZpAYlWy4KU0FMTOZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3hzhPPivDsfy9aCk8+cwh84nz+SZY1K</latexit><latexit sha1_base64="pJ7Rm6ELWNLhl4CHj7D5LJZUxAg=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533 lCpXksH800QT+iI8lDzqix0kOVXw7KFbfmLkDWiZeTCuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wp87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeG1n3 GZpAYlWy4KU0FMTOZ/kyFXyIyYWkKZ4vZWwsZUUWZsOiUbgrf68jpp12ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3hzhPPivDsfy9aCk8+cwh84nz+SZY1K</latexit>
(h)
<latexit sha1_base64="qIF1xIieXaCC7IBlw08nsEVTulk=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c 4T10bE6hGnCfcjOlIiFIyilR6q48tBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni1Nn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRhe+5 lQSYpcseWiMJUEYzL/mwyF5gzl1BLKtLC3EjammjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6iCB1fQgDtoQgsYjOAZXuHNkc6L8+58LFsLTj5zCn/gfP4AkOCNSQ==</latexit><latexit sha1_base64="qIF1xIieXaCC7IBlw08nsEVTulk=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c 4T10bE6hGnCfcjOlIiFIyilR6q48tBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni1Nn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRhe+5 lQSYpcseWiMJUEYzL/mwyF5gzl1BLKtLC3EjammjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6iCB1fQgDtoQgsYjOAZXuHNkc6L8+58LFsLTj5zCn/gfP4AkOCNSQ==</latexit><latexit sha1_base64="qIF1xIieXaCC7IBlw08nsEVTulk=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c 4T10bE6hGnCfcjOlIiFIyilR6q48tBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni1Nn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRhe+5 lQSYpcseWiMJUEYzL/mwyF5gzl1BLKtLC3EjammjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6iCB1fQgDtoQgsYjOAZXuHNkc6L8+58LFsLTj5zCn/gfP4AkOCNSQ==</latexit><latexit sha1_base64="qIF1xIieXaCC7IBlw08nsEVTulk=">AAAB6nicbVA9SwNBEJ2LXz F+RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c 4T10bE6hGnCfcjOlIiFIyilR6q48tBueLW3AXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni1Nn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRhe+5 lQSYpcseWiMJUEYzL/mwyF5gzl1BLKtLC3EjammjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6iCB1fQgDtoQgsYjOAZXuHNkc6L8+58LFsLTj5zCn/gfP4AkOCNSQ==</latexit>
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Figure 5. Nematic structure and ion charge distributions around ±1/2 wedge disclinations. (a) Scalar order parameter S, with
in green the isosurface S = 0.48 indicating the effective defect core. (b) Biaxial order parameter P . (c) Eigenvalues of tensor
order parameter Q and scalar order parameters along x for y = 0. The dotted line is the isosurface S = 0.48. (d)-(f) Net ion
charge distributions [ρ+(x, y) − ρ−(x, y)]/ρIs for a −1/2 defect for the cases with (d) only ion partitioning g+ = 3, g− = 8,
G = 0, (f) only flexo electricity g± = 0, qeG = 10 pC m−1, and both effects (g) g+ = 3, g− = 8, qeG = 10 pC m−1. (g)-(i)
Same plots for a 1/2 defect for (g) only ion partitioning g+ = 3, g− = 8, G = 0, (h) only flexoelectricity g± = 0, qeG = 10 pC
m−1, and (i) both effects g+ = 3, g− = 8, qeG = 10 pC m−1. In all plots, we used κ−1I = 10 nm, which results in an isotropic
bulk ion density ρIs = 1.1 · 10−4 M and the streamlines in (d)-(i) indicate the nematic-director pattern.
symmetric, but outside the core, where the double layer
is positively charged, we observe that the double layer
takes over the symmetry of the director profile, albeit
with a much smaller (positive) charge density.
In Fig. 5(e) we show how the ions couple to flexo and
order electricity, and we see a more complicated charge
pattern. A core region with positive charge is formed
with three lobes of negative charge. Therefore, we could
name this an electric quadlayer instead of an electric
double layer. In Fig. 5(f), we see the effects of Fig.
5(e) and Fig. 5(f) superimposed. Because of the choice
g+ < g− the effect is that the center of the core in Fig.
5(e) becomes negatively charged. Would we have taken
g+ > g− the positive charge in the center would have
been enhanced compared to the pure flexoelectric case.
In Figs. 5(g)-(i), we show the same calculations but for
k = 1/2. The physics is still the same as for k = −1/2,
but the symmetry is different. For example, when there is
only flexo and orderelectricity, around the core an electric
double layer is formed instead of an electric quadlayer,
compare Fig. 5(e) with Fig. 5(h).
The structure of the electric double layer (quadlayer)
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Figure 6. Comparison of flexoelectric bound charge with the ion free charge density in ±1/2 wedge disclinations. (a)-(b) Flexo-
electric polarization charge density ρf (x, y) as colormap, with arrows indicating the direction of the flexoelectric polarization
qePf (x, y) for g± = 0, qeG = 10 pC m−1 and κ−1I = 10 nm for (a) k = −1/2 and (b) k = 1/2. (c)-(d) Charge profiles along
the x axis for the same parameter values where we also compare with the net ion charge density ρ+(x, y) − ρ−(x, y) for (c)
k = −1/2 and (d) k = 1/2 defects. The full lines are for κ−1I = 10 nm, while the dotted lines are for κ−1I = 50 nm.
(c)
<latexit sha1_base64="SNdKJ7nroFodyT65cqGwKUYf5rs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+xt9pIle3vH7pwQjvwEG wtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrPVTZ9bBccWvuEmSTeDmpQI7WsPw1GMUsjbhCJqkxfc9N0M+oRsEkn5cGqeEJZVM65n1LFY248bPlqXNyZZURCWNtSyFZqr8nMhoZM4sC2xlRnJh1byH+5/V TDG/9TKgkRa7YalGYSoIxWfxNRkJzhnJmCWVa2FsJm1BNGdp0SjYEb/3lTdKp1zy35t3XK41mHkcRLuASquDBDTSgCS1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH4zjjVA=</latexit><latexit sha1_base64="SNdKJ7nroFodyT65cqGwKUYf5rs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+xt9pIle3vH7pwQjvwEG wtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrPVTZ9bBccWvuEmSTeDmpQI7WsPw1GMUsjbhCJqkxfc9N0M+oRsEkn5cGqeEJZVM65n1LFY248bPlqXNyZZURCWNtSyFZqr8nMhoZM4sC2xlRnJh1byH+5/V TDG/9TKgkRa7YalGYSoIxWfxNRkJzhnJmCWVa2FsJm1BNGdp0SjYEb/3lTdKp1zy35t3XK41mHkcRLuASquDBDTSgCS1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH4zjjVA=</latexit><latexit sha1_base64="SNdKJ7nroFodyT65cqGwKUYf5rs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+xt9pIle3vH7pwQjvwEG wtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrPVTZ9bBccWvuEmSTeDmpQI7WsPw1GMUsjbhCJqkxfc9N0M+oRsEkn5cGqeEJZVM65n1LFY248bPlqXNyZZURCWNtSyFZqr8nMhoZM4sC2xlRnJh1byH+5/V TDG/9TKgkRa7YalGYSoIxWfxNRkJzhnJmCWVa2FsJm1BNGdp0SjYEb/3lTdKp1zy35t3XK41mHkcRLuASquDBDTSgCS1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH4zjjVA=</latexit><latexit sha1_base64="SNdKJ7nroFodyT65cqGwKUYf5rs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+xt9pIle3vH7pwQjvwEG wtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrPVTZ9bBccWvuEmSTeDmpQI7WsPw1GMUsjbhCJqkxfc9N0M+oRsEkn5cGqeEJZVM65n1LFY248bPlqXNyZZURCWNtSyFZqr8nMhoZM4sC2xlRnJh1byH+5/V TDG/9TKgkRa7YalGYSoIxWfxNRkJzhnJmCWVa2FsJm1BNGdp0SjYEb/3lTdKp1zy35t3XK41mHkcRLuASquDBDTSgCS1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH4zjjVA=</latexit>
(b)
<latexit sha1_base64="M5+GyMCQvK3Ier8OPg0YX/6PaEE=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8 SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrPVSD62G54tbcJcgm8XJSgRytYflrMIpZGnGFTFJj+p6boJ9RjYJJPi8NUs MTyqZ0zPuWKhpx42fLU+fkyiojEsbalkKyVH9PZDQyZhYFtjOiODHr3kL8z+unGN76mVBJilyx1aIwlQRjsvibjITmDOXMEsq0sLcSNqGaMrTplGwI3vrLm6R Tr3luzbuvVxrNPI4iXMAlVMGDG2hAE1rQBgZjeIZXeHOk8+K8Ox+r1oKTz5zDHzifP4tejU8=</latexit><latexit sha1_base64="M5+GyMCQvK3Ier8OPg0YX/6PaEE=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8 SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrPVSD62G54tbcJcgm8XJSgRytYflrMIpZGnGFTFJj+p6boJ9RjYJJPi8NUs MTyqZ0zPuWKhpx42fLU+fkyiojEsbalkKyVH9PZDQyZhYFtjOiODHr3kL8z+unGN76mVBJilyx1aIwlQRjsvibjITmDOXMEsq0sLcSNqGaMrTplGwI3vrLm6R Tr3luzbuvVxrNPI4iXMAlVMGDG2hAE1rQBgZjeIZXeHOk8+K8Ox+r1oKTz5zDHzifP4tejU8=</latexit><latexit sha1_base64="M5+GyMCQvK3Ier8OPg0YX/6PaEE=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8 SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrPVSD62G54tbcJcgm8XJSgRytYflrMIpZGnGFTFJj+p6boJ9RjYJJPi8NUs MTyqZ0zPuWKhpx42fLU+fkyiojEsbalkKyVH9PZDQyZhYFtjOiODHr3kL8z+unGN76mVBJilyx1aIwlQRjsvibjITmDOXMEsq0sLcSNqGaMrTplGwI3vrLm6R Tr3luzbuvVxrNPI4iXMAlVMGDG2hAE1rQBgZjeIZXeHOk8+K8Ox+r1oKTz5zDHzifP4tejU8=</latexit><latexit sha1_base64="M5+GyMCQvK3Ier8OPg0YX/6PaEE=">AAAB6nicb VA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+xt9pIle3vH7pwQjvwEGwtFbP1Fdv4bN8kVmvhg4PHeDDPzgkQKg6777RS2tnd294r7pYPDo+OT8ulZx8 SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvVv43SeujYjVI84S7kd0rEQoGEUrPVSD62G54tbcJcgm8XJSgRytYflrMIpZGnGFTFJj+p6boJ9RjYJJPi8NUs MTyqZ0zPuWKhpx42fLU+fkyiojEsbalkKyVH9PZDQyZhYFtjOiODHr3kL8z+unGN76mVBJilyx1aIwlQRjsvibjITmDOXMEsq0sLcSNqGaMrTplGwI3vrLm6R Tr3luzbuvVxrNPI4iXMAlVMGDG2hAE1rQBgZjeIZXeHOk8+K8Ox+r1oKTz5zDHzifP4tejU8=</latexit>
(a)
<latexit sha1_ba se64="4AFeON7Xj/Rk3H6A5p3oUdqZ pDo=">AAAB6nicbVA9SwNBEJ2LXzF+ RS1tFoMQm3CXRsuATcqI5gOSI+xt9p Ile3vH7pwQjvwEGwtFbP1Fdv4bN8kV mvhg4PHeDDPzgkQKg6777RS2tnd294r 7pYPDo+OT8ulZx8SpZrzNYhnrXkANl 0LxNgqUvJdoTqNA8m4wvVv43SeujYj VI84S7kd0rEQoGEUrPVTp9bBccWvuE mSTeDmpQI7WsPw1GMUsjbhCJqkxfc9 N0M+oRsEkn5cGqeEJZVM65n1LFY248b PlqXNyZZURCWNtSyFZqr8nMhoZM4sC 2xlRnJh1byH+5/VTDG/9TKgkRa7Yal GYSoIxWfxNRkJzhnJmCWVa2FsJm1BN Gdp0SjYEb/3lTdKp1zy35t3XK41mHk cRLuASquDBDTSgCS1oA4MxPMMrvDnS eXHenY9Va8HJZ87hD5zPH4nZjU4=</l atexit><latexit sha1_ba se64="4AFeON7Xj/Rk3H6A5p3oUdqZ pDo=">AAAB6nicbVA9SwNBEJ2LXzF+ RS1tFoMQm3CXRsuATcqI5gOSI+xt9p Ile3vH7pwQjvwEGwtFbP1Fdv4bN8kV mvhg4PHeDDPzgkQKg6777RS2tnd294r 7pYPDo+OT8ulZx8SpZrzNYhnrXkANl 0LxNgqUvJdoTqNA8m4wvVv43SeujYj VI84S7kd0rEQoGEUrPVTp9bBccWvuE mSTeDmpQI7WsPw1GMUsjbhCJqkxfc9 N0M+oRsEkn5cGqeEJZVM65n1LFY248b PlqXNyZZURCWNtSyFZqr8nMhoZM4sC 2xlRnJh1byH+5/VTDG/9TKgkRa7Yal GYSoIxWfxNRkJzhnJmCWVa2FsJm1BN Gdp0SjYEb/3lTdKp1zy35t3XK41mHk cRLuASquDBDTSgCS1oA4MxPMMrvDnS eXHenY9Va8HJZ87hD5zPH4nZjU4=</l atexit><latexit sha1_ba se64="4AFeON7Xj/Rk3H6A5p3oUdqZ pDo=">AAAB6nicbVA9SwNBEJ2LXzF+ RS1tFoMQm3CXRsuATcqI5gOSI+xt9p Ile3vH7pwQjvwEGwtFbP1Fdv4bN8kV mvhg4PHeDDPzgkQKg6777RS2tnd294r 7pYPDo+OT8ulZx8SpZrzNYhnrXkANl 0LxNgqUvJdoTqNA8m4wvVv43SeujYj VI84S7kd0rEQoGEUrPVTp9bBccWvuE mSTeDmpQI7WsPw1GMUsjbhCJqkxfc9 N0M+oRsEkn5cGqeEJZVM65n1LFY248b PlqXNyZZURCWNtSyFZqr8nMhoZM4sC 2xlRnJh1byH+5/VTDG/9TKgkRa7Yal GYSoIxWfxNRkJzhnJmCWVa2FsJm1BN Gdp0SjYEb/3lTdKp1zy35t3XK41mHk cRLuASquDBDTSgCS1oA4MxPMMrvDnS eXHenY9Va8HJZ87hD5zPH4nZjU4=</l atexit><latexit sha1_ba se64="4AFeON7Xj/Rk3H6A5p3oUdqZ pDo=">AAAB6nicbVA9SwNBEJ2LXzF+ RS1tFoMQm3CXRsuATcqI5gOSI+xt9p Ile3vH7pwQjvwEGwtFbP1Fdv4bN8kV mvhg4PHeDDPzgkQKg6777RS2tnd294r 7pYPDo+OT8ulZx8SpZrzNYhnrXkANl 0LxNgqUvJdoTqNA8m4wvVv43SeujYj VI84S7kd0rEQoGEUrPVTp9bBccWvuE mSTeDmpQI7WsPw1GMUsjbhCJqkxfc9 N0M+oRsEkn5cGqeEJZVM65n1LFY248b PlqXNyZZURCWNtSyFZqr8nMhoZM4sC 2xlRnJh1byH+5/VTDG/9TKgkRa7Yal GYSoIxWfxNRkJzhnJmCWVa2FsJm1BN Gdp0SjYEb/3lTdKp1zy35t3XK41mHk cRLuASquDBDTSgCS1oA4MxPMMrvDnS eXHenY9Va8HJZ87hD5zPH4nZjU4=</l atexit>
(d)
<latexit sha1_base64="BKIGjEiQAeeXABLMvYRDq2EZ3jE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+ztzSVL9vaO3T0hhPwEG wtFbP1Fdv4bN8kVmvhg4PHeDDPzglRwbVz32ylsbe/s7hX3SweHR8cn5dOzjk4yxbDNEpGoXkA1Ci6xbbgR2EsV0jgQ2A0mdwu/+4RK80Q+mmmKfkxHkkecUWOlh2p4PSxX3Jq7BNkkXk4qkKM1LH8NwoRlMUrDBNW677mp8WdUGc4EzkuDTGNK2YSOsG+ppDFqf7Y8dU6urBKSKFG2pCFL9ffEjMZaT+PAdsbUjPW6txD/8/q ZiW79GZdpZlCy1aIoE8QkZPE3CblCZsTUEsoUt7cSNqaKMmPTKdkQvPWXN0mnXvPcmndfrzSaeRxFuIBLqIIHN9CAJrSgDQxG8Ayv8OYI58V5dz5WrQUnnzmHP3A+fwCOaI1R</latexit><latexit sha1_base64="BKIGjEiQAeeXABLMvYRDq2EZ3jE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+ztzSVL9vaO3T0hhPwEG wtFbP1Fdv4bN8kVmvhg4PHeDDPzglRwbVz32ylsbe/s7hX3SweHR8cn5dOzjk4yxbDNEpGoXkA1Ci6xbbgR2EsV0jgQ2A0mdwu/+4RK80Q+mmmKfkxHkkecUWOlh2p4PSxX3Jq7BNkkXk4qkKM1LH8NwoRlMUrDBNW677mp8WdUGc4EzkuDTGNK2YSOsG+ppDFqf7Y8dU6urBKSKFG2pCFL9ffEjMZaT+PAdsbUjPW6txD/8/q ZiW79GZdpZlCy1aIoE8QkZPE3CblCZsTUEsoUt7cSNqaKMmPTKdkQvPWXN0mnXvPcmndfrzSaeRxFuIBLqIIHN9CAJrSgDQxG8Ayv8OYI58V5dz5WrQUnnzmHP3A+fwCOaI1R</latexit><latexit sha1_base64="BKIGjEiQAeeXABLMvYRDq2EZ3jE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+ztzSVL9vaO3T0hhPwEG wtFbP1Fdv4bN8kVmvhg4PHeDDPzglRwbVz32ylsbe/s7hX3SweHR8cn5dOzjk4yxbDNEpGoXkA1Ci6xbbgR2EsV0jgQ2A0mdwu/+4RK80Q+mmmKfkxHkkecUWOlh2p4PSxX3Jq7BNkkXk4qkKM1LH8NwoRlMUrDBNW677mp8WdUGc4EzkuDTGNK2YSOsG+ppDFqf7Y8dU6urBKSKFG2pCFL9ffEjMZaT+PAdsbUjPW6txD/8/q ZiW79GZdpZlCy1aIoE8QkZPE3CblCZsTUEsoUt7cSNqaKMmPTKdkQvPWXN0mnXvPcmndfrzSaeRxFuIBLqIIHN9CAJrSgDQxG8Ayv8OYI58V5dz5WrQUnnzmHP3A+fwCOaI1R</latexit><latexit sha1_base64="BKIGjEiQAeeXABLMvYRDq2EZ3jE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRsuATcqI5gOSI+ztzSVL9vaO3T0hhPwEG wtFbP1Fdv4bN8kVmvhg4PHeDDPzglRwbVz32ylsbe/s7hX3SweHR8cn5dOzjk4yxbDNEpGoXkA1Ci6xbbgR2EsV0jgQ2A0mdwu/+4RK80Q+mmmKfkxHkkecUWOlh2p4PSxX3Jq7BNkkXk4qkKM1LH8NwoRlMUrDBNW677mp8WdUGc4EzkuDTGNK2YSOsG+ppDFqf7Y8dU6urBKSKFG2pCFL9ffEjMZaT+PAdsbUjPW6txD/8/q ZiW79GZdpZlCy1aIoE8QkZPE3CblCZsTUEsoUt7cSNqaKMmPTKdkQvPWXN0mnXvPcmndfrzSaeRxFuIBLqIIHN9CAJrSgDQxG8Ayv8OYI58V5dz5WrQUnnzmHP3A+fwCOaI1R</latexit>
Figure 7. Total charge number N per unit contour length ld of half-integer wedge disclinations as function of isotropic Debye
screening length κ−1I . (a)-(b) For k = −1/2 and (c)-(d) k = 1/2 defects, with (a),(c) only flexoelectricity (g± = 0) with varying
values of the flexoelectric coefficient G and (b),(d) with ion partitioning g+ = 3 and g− = 8 for various values of G.
for k = −1/2 (Fig. 5(e)) and the double layer for k =
+1/2 (Fig. 5(h)) can be understood from the flexoelectric
bound charge density ρf (r) = −∇ ·Pf = −G∂i∂jQij(r).
Charge separation is energetically costly, and since the
system wants to be locally charge neutral as much as
possible, the ion profile will follow the profile of ρf (r):
where ρf (r) > 0, we see that ρ+(r)− ρ−(r) < 0 and vice
versa. To illustrate this, we plot ρf (r) in Fig. 6(a) for the
case of Fig. 5(e) (k = −1/2) and in Fig. 6(b) for the case
of Fig. 5(h) (k = +1/2). The bound flexoelectric charge
patterns are the same as the ionic patterns, however with
different sign. The streamlines in both plots show the
direction of the flexoelectric polarization qePf (r).
In Figs. 6(c)-(d) we show the ρ+(r)− ρ−(r) and ρf (r)
along the x axis for k = −1/2 in Fig. 6(c) and for
k = 1/2 in Fig. 6(d) for two different screening lengths
κ−1I = 10 nm and κ
−1
I = 50 nm. Although the pre-
cise structure of the profiles differ for both defects, we
see that ρf (x, 0) is independent of κ
−1
I as we have ob-
served earlier. For physical values of κ−1I we always see in
our calculations that ρ+(r)− ρ−(r) < ρf (r) and that for
higher Debye screening length the profile of ρ+(r)−ρ−(r)
is more spread out and smaller in amplitude. Indeed,
when there are not enough ions available to locally neu-
tralize the bound flexoelectric charge density, ions prefer
to maximize their entropy by spreading more homoge-
neously throughout the defect. In other words, lower
screening length means better screening and the ions ex-
perience only the local field of the flexoelectric charge, so
they adapt better to this profile, while for high screening
length, ions experience also more the effects of the bound
charges that are farther away. Hence, lower value of κ−1I
means stronger localization of ionic free charges around
the flexoelectric bound charges. Although the amplitude
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Figure 8. Net ion charge distributions [ρ+(x, y) − ρ−(x, y)]/ρIs around a k = −1 wedge disclination. (a) In case of only ion
partioning g+ = 3, g− = 8, G = 0. Dark red line is isosurface (ρ+(x, y) − ρ−(x, y))/ρIs = 0.01 to indicate the low positive
charge density surrounding the negatively charged core. (b) Only flexoelectricity g± = 0, qeG = 10 pC m−1, and (c) both
effects g+ = 3, g− = 8, qeG = 10 pC m−1. In all plots, we used κ−1I = 10 nm, which results in an isotropic bulk ion density
ρIs = 1.1 · 10−4 M and the streamlines indicate the nematic director pattern surrounding the defect.
might differ, the symmetry is always the same, only the
charges are more spread out.
The total charge per unit contour length of the wedge
disclination is shown in Fig. 7 as function of κ−1I for the
two types of defects that we considered. Fig. 5(e) shows
that a −1/2 defect with only flexoelectric coupling is pre-
dominantly positively charged for G > 0. Increasing κ−1I
means reducing the amount of ions but also less localiza-
tion to the flexoelectric bound charge. If there is strong
localization, there is a local minimum in the blue lobe,
which reduces if κ−1I is increased. Hence initially N in-
creases as well. After that we see a decline in N because
ρIs decreases. Ion partitioning on the other hand always
makes the core negatively charged, see Fig. 5(d), and in-
creasing κ−1I will not change the shape of the profile, only
how it is extended in space and its amplitude. Hence,
increasing κ−1I means that the total negative charge de-
clines, see Fig. 7(b), full line. When flexoelectricity is
turned on, we have these two effects superimposed and
we get the other curves in (b). A similar behaviour is
observed for k = 1/2 defects, Figs. 7(c)-(d). At low
κ−1I there is a strong localization of charge around the
flexoelectric bound charge density, while increasing κ−1I
results in ions getting more delocalized from the flexo-
electric bound charge background, and we observe that
the defect core becomes net negatively charged. Ulti-
mately, also the net negative charge in the defect should
reduce, because increasing κ−1I is equivalent to reduce ρ
I
s.
Finally, we show that the charge patterns that can be
realized are indeed very rich and dependent on the topol-
ogy of the defect. In Fig. 8 we show the ion distributions
around a k = −1 defect line. The effective defect core is
larger for such a defect than the half-integer defects dis-
cussed above, as is indicated by the green contour lines in
Fig. 8 compared to the one shown in Fig. 5. In Fig. 8(a)
we consider only the effects of ion partitioning, observing
a build-up of a negative spherical-charge distribution in
the core of the defect. The neutralizing positive charge,
however, is much lower, and we used red contour lines
to visualize them, reflecting the different symmetry of
the defect compared to the ±1/2 cases. The flexoelectric
case, shows a more intricate charge pattern [Fig. 8(b)],
reflecting the director profile symmetry. Compared to
the ±1/2 defects where the flexoelectric case resulted in
a double layer and a quadlayer around the defect core,
the −1 defect features an electric pentalayer, where a
positively charged region is surrounded by four lobes of
negative charge. When ion partitioning is combined with
flexoelectricity with g+ < g− there is a possibility to have
a negatively charged region with four lobes of positive
charge, as is seen in Fig. 8(c).
VI. LIQUID-CRYSTAL COLLOIDS
Topological defects emerge inherently in nematic liq-
uid crystal colloids caused by the specific anchoring con-
ditions at the particle surface. A central example is a
spherical particle of radius a with homeotropic (perpen-
dicular) boundary conditions, while the far-field has a
uniform director field along, say, in the z direction. De-
pending on the anchoring strength, particle size, and elas-
tic constant, either a point defect is formed or a Saturn-
ring defect, which we show directly affects how ions are
distributed the particle. In calculations, we assume uni-
form far-field and homeotropic anchoring at the particle
surfaces. We assume that the particle is impenetrable for
ions and has dielectric constant p = 2, and constant sur-
face charge density qeσ. In order to numerically stabilize
the defects, we used a relaxation-type solving procedure
with initial conditions based on the multipole expansion
of the director field.
In Fig. 9 we show the screening cloud charge density in
the case of a Saturn-ring defect around a spherical par-
ticle of radius a = 250 nm, considering the cases with
only ion partitioning, only flexoelectricity, and the effect
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Figure 9. Net ion charge distributions [ρ+(r) − ρ−(r)]/ρIs around a Saturn-ring defect formed around a colloidal sphere of
radius a = 250 nm with strong homeotropic boundary conditions. The streamlines indicate the nematic-director pattern. In
(a)-(c) the particle is uncharged, while in (d)-(f) the particle has a constant surface charge density qeσ = 0.001qe nm
−2. We
distinguish cases with (a),(d) only ion partioning g+ = 3, g− = 8, G = 0. (b),(e) only flexoelectricity g± = 0, qeG = 10 pC
m−1, and (c),(f) both effects g+ = 3, g− = 8, qeG = 10 pC m−1. In all plots, we used κ−1I = 25 nm, which results in an
isotropic bulk ion density ρIs = 1.8 · 10−5 M.
of the combination of both. First, we will focus on a
system where the spherical particle is uncharged, σ = 0.
When only ion partitioning is considered we see a build
up of negative charge in the Saturn-ring defect, see Fig.
9(a). When flexoelectricity is added, the director profile
induces a specific charge pattern as discussed in Sec. V,
but only when compared in a cross-sectional flat plane.
Since the Saturn-ring defect is locally the same as a +1/2
defect, the charge pattern in Fig. 9(b) around the Saturn
ring is identical to the one of Fig. 5(e), but a bit distorted
because of the presence of the colloidal particle. There is
also a net positive ion charge density around the north
and southpole of the particle, although the particle itself
is uncharged, because of the director distortions. In Fig.
9(c) we see the effects of ion partitioning and flexoelec-
tricity superimposed, reducing the overall charge density.
Furthermore, the positive charge densities around north
and south pole are reduced.
In Figs. 9(d)-(f) we show the effects of a surface charge
density on the colloidal particle for low screening lengths
κ−1I = 25 nm. For such low screening lengths the electric
double layer around the particle is roughly spherical, and
the charge patterns around the particle are the same as in
Figs. 9(a)-(c), but with this spherical, negatively charged
double layer superimposed. For higher screening lengths,
the double layer is more elongated (not shown), but then
the effects of defects are washed out, see Ref. [33].
For larger particles, the Saturn-ring defect is not the
stable situation, and the point defect is more stable, as is
shown by the streamlines in Fig. 10. The structure is not
influenced by the low salt concentrations that we consider
here. With only ion partitioning, the defect core becomes
negatively charged, see Fig. 10(a). If we zoom in more,
(the defect core is much smaller than the particle size),
we see in Fig. 10(b) that the defect core is actually a ring,
and we have a charged ring of a radius ∼ 50 nm, and the
director configuration can be thought of as consisting of
two −1/2 defects that are almost fused.
With flexoelectricity, director distortions lead to a lo-
cal net charge density around the particle, but they are
much smaller than the ions that gather around the defect
below the particle. In contrast, in the case of the Saturn-
ring defect they are of similar magnitude, compare Fig.
9(b) with Fig. 10(c). When zoomed in on the defect,
we see a charge pattern that is very similar to the one in
Fig. 8(b), but with a small negatively charged core. The
reason is again that it is actually a small ring of locally
−1/2 disclination – Fig. 5(e). If the defect would be a
11
(a)
<latexit s ha1_base64="3+H9B0 mZdYdobG07jz7vl70Tq Pk=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+g o2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau++ 0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVTe gGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH800 QT+iI8lDzqix0kOVXg 7KFbfmLkDWiZeTCuRoD spf/WHM0gilYYJq3fP cxPgZVYYzgbNSP9WYUD ahI+xZKmmE2s8Wp87I hVWGJIyVLWnIQv09kdF I62kU2M6ImrFe9ebif 14vNeG1n3GZpAYlWy4K U0FMTOZ/kyFXyIyYWk KZ4vZWwsZUUWZsOiUbg rf68jpp12ueW/Pu65X GTR5HEc7gHKrgwRU04A 6a0AIGI3iGV3hzhPPi vDsfy9aCk8+cwh84nz+ GPY1C</latexit><latexit s ha1_base64="3+H9B0 mZdYdobG07jz7vl70Tq Pk=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+g o2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau++ 0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVTe gGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH800 QT+iI8lDzqix0kOVXg 7KFbfmLkDWiZeTCuRoD spf/WHM0gilYYJq3fP cxPgZVYYzgbNSP9WYUD ahI+xZKmmE2s8Wp87I hVWGJIyVLWnIQv09kdF I62kU2M6ImrFe9ebif 14vNeG1n3GZpAYlWy4K U0FMTOZ/kyFXyIyYWk KZ4vZWwsZUUWZsOiUbg rf68jpp12ueW/Pu65X GTR5HEc7gHKrgwRU04A 6a0AIGI3iGV3hzhPPi vDsfy9aCk8+cwh84nz+ GPY1C</latexit><latexit s ha1_base64="3+H9B0 mZdYdobG07jz7vl70Tq Pk=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+g o2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau++ 0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVTe gGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH800 QT+iI8lDzqix0kOVXg 7KFbfmLkDWiZeTCuRoD spf/WHM0gilYYJq3fP cxPgZVYYzgbNSP9WYUD ahI+xZKmmE2s8Wp87I hVWGJIyVLWnIQv09kdF I62kU2M6ImrFe9ebif 14vNeG1n3GZpAYlWy4K U0FMTOZ/kyFXyIyYWk KZ4vZWwsZUUWZsOiUbg rf68jpp12ueW/Pu65X GTR5HEc7gHKrgwRU04A 6a0AIGI3iGV3hzhPPi vDsfy9aCk8+cwh84nz+ GPY1C</latexit><latexit s ha1_base64="3+H9B0 mZdYdobG07jz7vl70Tq Pk=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+g o2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau++ 0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVTe gGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH800 QT+iI8lDzqix0kOVXg 7KFbfmLkDWiZeTCuRoD spf/WHM0gilYYJq3fP cxPgZVYYzgbNSP9WYUD ahI+xZKmmE2s8Wp87I hVWGJIyVLWnIQv09kdF I62kU2M6ImrFe9ebif 14vNeG1n3GZpAYlWy4K U0FMTOZ/kyFXyIyYWk KZ4vZWwsZUUWZsOiUbg rf68jpp12ueW/Pu65X GTR5HEc7gHKrgwRU04A 6a0AIGI3iGV3hzhPPi vDsfy9aCk8+cwh84nz+ GPY1C</latexit>
(b)
<latexit s ha1_base64="9wCN2p kulF5ybvyCx05lb8zZv kA=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+g o2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau++ 0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVTe gGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH800 QT+iI8lDzqix0kM1uB yUK27NXYCsEy8nFcjRH JS/+sOYpRFKwwTVuue 5ifEzqgxnAmelfqoxoW xCR9izVNIItZ8tTp2R C6sMSRgrW9KQhfp7IqO R1tMosJ0RNWO96s3F/ 7xeasJrP+MySQ1KtlwU poKYmMz/JkOukBkxtY Qyxe2thI2poszYdEo2B G/15XXSrtc8t+bd1yu NmzyOIpzBOVTBgytowB 00oQUMRvAMr/DmCOfF eXc+lq0FJ585hT9wPn8 Ah8KNQw==</latexit><latexit s ha1_base64="9wCN2p kulF5ybvyCx05lb8zZv kA=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+g o2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau++ 0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVTe gGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH800 QT+iI8lDzqix0kM1uB yUK27NXYCsEy8nFcjRH JS/+sOYpRFKwwTVuue 5ifEzqgxnAmelfqoxoW xCR9izVNIItZ8tTp2R C6sMSRgrW9KQhfp7IqO R1tMosJ0RNWO96s3F/ 7xeasJrP+MySQ1KtlwU poKYmMz/JkOukBkxtY Qyxe2thI2poszYdEo2B G/15XXSrtc8t+bd1yu NmzyOIpzBOVTBgytowB 00oQUMRvAMr/DmCOfF eXc+lq0FJ585hT9wPn8 Ah8KNQw==</latexit><latexit s ha1_base64="9wCN2p kulF5ybvyCx05lb8zZv kA=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+g o2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau++ 0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVTe gGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH800 QT+iI8lDzqix0kM1uB yUK27NXYCsEy8nFcjRH JS/+sOYpRFKwwTVuue 5ifEzqgxnAmelfqoxoW xCR9izVNIItZ8tTp2R C6sMSRgrW9KQhfp7IqO R1tMosJ0RNWO96s3F/ 7xeasJrP+MySQ1KtlwU poKYmMz/JkOukBkxtY Qyxe2thI2poszYdEo2B G/15XXSrtc8t+bd1yu NmzyOIpzBOVTBgytowB 00oQUMRvAMr/DmCOfF eXc+lq0FJ585hT9wPn8 Ah8KNQw==</latexit><latexit s ha1_base64="9wCN2p kulF5ybvyCx05lb8zZv kA=">AAAB6nicbVA9S wNBEJ2LXzF+RS1tFoMQ m3CXRguLgI1lRPMByR H2NnPJkr29Y3dPCEd+g o2FIrb+Ijv/jZvkCk1 8MPB4b4aZeUEiuDau++ 0UNja3tneKu6W9/YPD o/LxSVvHqWLYYrGIVTe gGgWX2DLcCOwmCmkUC OwEk9u533lCpXksH800 QT+iI8lDzqix0kM1uB yUK27NXYCsEy8nFcjRH JS/+sOYpRFKwwTVuue 5ifEzqgxnAmelfqoxoW xCR9izVNIItZ8tTp2R C6sMSRgrW9KQhfp7IqO R1tMosJ0RNWO96s3F/ 7xeasJrP+MySQ1KtlwU poKYmMz/JkOukBkxtY Qyxe2thI2poszYdEo2B G/15XXSrtc8t+bd1yu NmzyOIpzBOVTBgytowB 00oQUMRvAMr/DmCOfF eXc+lq0FJ585hT9wPn8 Ah8KNQw==</latexit>
(c)
<latexit sha1_base64="T+QdguFHHAPcE+Et NGFdCw83JO0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29 Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqW LYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix0kOVXQ7KFbfmLkDW iZeTCuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wp87IhVWGJIyVLW nIQv09kdFI62kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMTOZ/kyFXyIyYWkKZ4vZWwsZU UWZsOiUbgrf68jpp12ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3hzhPPivDsfy9aCk8 +cwh84nz+JR41E</latexit><latexit sha1_base64="T+QdguFHHAPcE+Et NGFdCw83JO0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29 Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqW LYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix0kOVXQ7KFbfmLkDW iZeTCuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wp87IhVWGJIyVLW nIQv09kdFI62kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMTOZ/kyFXyIyYWkKZ4vZWwsZU UWZsOiUbgrf68jpp12ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3hzhPPivDsfy9aCk8 +cwh84nz+JR41E</latexit><latexit sha1_base64="T+QdguFHHAPcE+Et NGFdCw83JO0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29 Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqW LYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix0kOVXQ7KFbfmLkDW iZeTCuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wp87IhVWGJIyVLW nIQv09kdFI62kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMTOZ/kyFXyIyYWkKZ4vZWwsZU UWZsOiUbgrf68jpp12ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3hzhPPivDsfy9aCk8 +cwh84nz+JR41E</latexit><latexit sha1_base64="T+QdguFHHAPcE+Et NGFdCw83JO0=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29 Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqW LYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533lCpXksH800QT+iI8lDzqix0kOVXQ7KFbfmLkDW iZeTCuRoDspf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wp87IhVWGJIyVLW nIQv09kdFI62kU2M6ImrFe9ebif14vNeG1n3GZpAYlWy4KU0FMTOZ/kyFXyIyYWkKZ4vZWwsZU UWZsOiUbgrf68jpp12ueW/Pu65XGTR5HEc7gHKrgwRU04A6a0AIGI3iGV3hzhPPivDsfy9aCk8 +cwh84nz+JR41E</latexit>
(d)
<latexit sha1_base64="hK7nqd1qru8NCBBN otsMqjB3FPo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH29vaSJXt7 x+6cEEJ+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEqhUHX/XYKG5tb2zvF3dLe/sHhUfn4pG2STD PeYolMdDeghkuheAsFSt5NNadxIHknGN/O/c4T10Yk6hEnKfdjOlQiEoyilR6q4eWgXHFr7gJk nXg5qUCO5qD81Q8TlsVcIZPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxWNufGni1Nn5MIqIYkSbU shWai/J6Y0NmYSB7Yzpjgyq95c/M/rZRhd+1Oh0gy5YstFUSYJJmT+NwmF5gzlxBLKtLC3Ejai mjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6iCB1fQgDtoQgsYDOEZXuHNkc6L8+58LFsLTj 5zCn/gfP4AisyNRQ==</latexit><latexit sha1_base64="hK7nqd1qru8NCBBN otsMqjB3FPo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH29vaSJXt7 x+6cEEJ+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEqhUHX/XYKG5tb2zvF3dLe/sHhUfn4pG2STD PeYolMdDeghkuheAsFSt5NNadxIHknGN/O/c4T10Yk6hEnKfdjOlQiEoyilR6q4eWgXHFr7gJk nXg5qUCO5qD81Q8TlsVcIZPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxWNufGni1Nn5MIqIYkSbU shWai/J6Y0NmYSB7Yzpjgyq95c/M/rZRhd+1Oh0gy5YstFUSYJJmT+NwmF5gzlxBLKtLC3Ejai mjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6iCB1fQgDtoQgsYDOEZXuHNkc6L8+58LFsLTj 5zCn/gfP4AisyNRQ==</latexit><latexit sha1_base64="hK7nqd1qru8NCBBN otsMqjB3FPo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH29vaSJXt7 x+6cEEJ+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEqhUHX/XYKG5tb2zvF3dLe/sHhUfn4pG2STD PeYolMdDeghkuheAsFSt5NNadxIHknGN/O/c4T10Yk6hEnKfdjOlQiEoyilR6q4eWgXHFr7gJk nXg5qUCO5qD81Q8TlsVcIZPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxWNufGni1Nn5MIqIYkSbU shWai/J6Y0NmYSB7Yzpjgyq95c/M/rZRhd+1Oh0gy5YstFUSYJJmT+NwmF5gzlxBLKtLC3Ejai mjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6iCB1fQgDtoQgsYDOEZXuHNkc6L8+58LFsLTj 5zCn/gfP4AisyNRQ==</latexit><latexit sha1_base64="hK7nqd1qru8NCBBN otsMqjB3FPo=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoMQm3CXRguLgI1lRPMByRH29vaSJXt7 x+6cEEJ+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEqhUHX/XYKG5tb2zvF3dLe/sHhUfn4pG2STD PeYolMdDeghkuheAsFSt5NNadxIHknGN/O/c4T10Yk6hEnKfdjOlQiEoyilR6q4eWgXHFr7gJk nXg5qUCO5qD81Q8TlsVcIZPUmJ7npuhPqUbBJJ+V+pnhKWVjOuQ9SxWNufGni1Nn5MIqIYkSbU shWai/J6Y0NmYSB7Yzpjgyq95c/M/rZRhd+1Oh0gy5YstFUSYJJmT+NwmF5gzlxBLKtLC3Ejai mjK06ZRsCN7qy+ukXa95bs27r1caN3kcRTiDc6iCB1fQgDtoQgsYDOEZXuHNkc6L8+58LFsLTj 5zCn/gfP4AisyNRQ==</latexit>
(e)
<latexit sha1_base64="faa1LV+y+rcDjqbgiXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF +RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kMVLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7h MUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYWOqKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvByWdO4Q+czx+MUY1G</latexit><latexit sha1_base64="faa1LV+y+rcDjqbgiXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF +RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kMVLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7h MUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYWOqKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvByWdO4Q+czx+MUY1G</latexit><latexit sha1_base64="faa1LV+y+rcDjqbgiXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF +RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kMVLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7h MUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYWOqKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvByWdO4Q+czx+MUY1G</latexit><latexit sha1_base64="faa1LV+y+rcDjqbgiXQHX3c7ReI=">AAAB6nicbVA9SwNBEJ2LXzF +RS1tFoMQm3CXRguLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk9u533l CpXksH800QT+iI8lDzqix0kMVLwfliltzFyDrxMtJBXI0B+Wv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLU2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDaz7h MUoOSLReFqSAmJvO/yZArZEZMLaFMcXsrYWOqKDM2nZINwVt9eZ206zXPrXn39UrjJo+jCGdwDlXw4AoacAdNaAGDETzDK7w5wnlx3p2PZWvByWdO4Q+czx+MUY1G</latexit>
(f)
<latexit sha1_base64="8ivO1DMqFHtIvjDECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF +RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4 T10bE6hGnCfcjOlIiFIyilR6q4eWgXHFr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/Uy oJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCRtTTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AjdaNRw==</latexit><latexit sha1_base64="8ivO1DMqFHtIvjDECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF +RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4 T10bE6hGnCfcjOlIiFIyilR6q4eWgXHFr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/Uy oJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCRtTTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AjdaNRw==</latexit><latexit sha1_base64="8ivO1DMqFHtIvjDECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF +RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4 T10bE6hGnCfcjOlIiFIyilR6q4eWgXHFr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/Uy oJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCRtTTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AjdaNRw==</latexit><latexit sha1_base64="8ivO1DMqFHtIvjDECnkm4P87tnA=">AAAB6nicbVA9SwNBEJ2LXzF +RS1tFoMQm3CXRguLgI1lRPMByRH2NnvJkr29Y3dOCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEihUHX/XYKG5tb2zvF3dLe/sHhUfn4pG3iVDPeYrGMdTeghkuheAsFSt5NNKdRIHknmNzO/c4 T10bE6hGnCfcjOlIiFIyilR6q4eWgXHFr7gJknXg5qUCO5qD81R/GLI24QiapMT3PTdDPqEbBJJ+V+qnhCWUTOuI9SxWNuPGzxakzcmGVIQljbUshWai/JzIaGTONAtsZURybVW8u/uf1Ugyv/Uy oJEWu2HJRmEqCMZn/TYZCc4ZyagllWthbCRtTTRnadEo2BG/15XXSrtc8t+bd1yuNmzyOIpzBOVTBgytowB00oQUMRvAMr/DmSOfFeXc+lq0FJ585hT9wPn8AjdaNRw==</latexit>
Figure 10. Net ion charge distributions [ρ+(r)− ρ−(r)]/ρIs around a point defect formed next to an uncharged colloidal sphere
of radius a = 1 µm with strong homeotropic boundary conditions. The streamlines indicate the nematic-director pattern. First
row shows the ion distribution around the particle and in the second row a zoomed-in version around the defect. We distinguish
cases with (a)-(b) only ion partioning g+ = 3, g− = 8, G = 0. (c)-(d) only flexoelectricity g± = 0, qeG = 10 pC m−1, and
(e)-(f) both effects g+ = 3, g− = 8, qeG = 10 pC m−1. In all plots, we used κ−1I = 25 nm, which results in an isotropic bulk
ion density ρIs = 1.8 · 10−5 M.
true point defect the negative charge density in the center
would disappear and the charge pattern would be more
similar to the −1 wedge disclination of Fig. 8 when com-
pared in a cross-sectional flat plane. Finally, when ion
partitioning is added to the flexoelectric effect, the core
becomes less negatively charged, and overall the charge
density reduces, see Figs. 10(e) and (f).
Although we often compare the defects in this section
with the wedge disclinations of Sec. V, we should keep
in mind that this analogy can only be made in a cross
section of the defect. In reality, one should rotate the
patterns in Figs. 9 and 10 around the z axis to get the
true three-dimensional charge distribution. In order to
get a feeling for the three-dimensional of the charge dis-
tribution, we show in Fig. 11 for the ion-partitioning only
and flexoelectricity only cases a few selected isosurfaces
of the ion charge distributions around a colloidal sphere.
VII. CONCLUSIONS AND OUTLOOK
This work underlies the basic physical principles be-
hind the formation of inhomogeneous ion distributions
in nematic liquid crystals. The effects of ion partitioning
and the composition-dependent dielectric constant can
be efficiently explored within the mean-field approxima-
tion by a Landau-Ginzburg-Poisson-Boltzmann theory
[62]. We generalised such a theory to liquid crystalline
nematic order, where the local order parameter is the ten-
sor Q(r), instead of a scalar, such as in binary fluid-fluid
mixtures. Compared to fluid-fluid mixtures, liquid crys-
tals have additional structure that make them distinct,
such as the presence of topological defects [35, 78], ne-
matic elasticity [79], dielectric anisotropy [80, 81], order
electricity and flexoelectricity [82–86]. Their interplay
with other fields have been investigated thoroughly such
as with fluid velocity fields [87] and electric fields [88].
Our main finding is that ion partitioning leads to a
build up of ionic charge in defect cores, whereas flex-
oelectricity causes ionic charge separation according to
the director distortions. It would be interesting to exper-
imentally measure such ion distributions via e.g. X-ray
reflectivity [17] or via novel methods such as surface plas-
mon resonance [89, 90]. Consequently, we envisage that
topological defects can act as ionic charge carriers or as
diffuse ionic capacitors. Therefore, their electrochemical
response in nematic cells can be indeed very interesting,
where they can change, for example, the differential ca-
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Figure 11. Some selected isosurfaces of the net charge density
[ρ+(r)−ρ−(r)]/ρIs in the screening cloud around an uncharged
colloidal sphere. In (a) and (b) we set the particle size a =
250 nm such that a Saturn ring defect is formed, while in
(c) and (d) the particle size is a = 1 µm creating a point
defect. (a),(c) When we consider only ion partitioning, g+ = 3
and g− = 8, (b) and (d) when we only consider flexo-electric
coupling qeG = 10 pC m
−1. The isosurface values for [ρ+(r)−
ρ−(r)]/ρIs are (a)-(b)+0.25 (red), −0.25 (blue), (c)-(d) -0.15
(blue), +0.15 (red). The colloidal particle is shown in grey.
pacitance. To the best of our knowledge, besides the role
of electrode topological defects in graphene-based super-
capacitors [91], the electrochemical response of charged
nematic topological defects have not been investigated,
and only studies in nematic liquid crystals are known in
the absence of defects [92, 93]. In these studies, the re-
sponse could be understood in terms of equivalent circuit
models, which can be used when there is the double layer
overlap between the various elements is small [94].
In general, we envisage that the electric double layer
can be designed when the symmetry between flexoelec-
tric modes is broken, and when more complicated direc-
tor structures are considered. This can have profound ef-
fects on the effective interaction of colloidal particles, also
when combined with the particle shape [95] or with multi-
ple colloidal particles [96]. This can have relevance in var-
ious applications, such as controlled microcargo release
[97]. Another interesting extension of this work would be
to consider the cases how ions influence, for example, the
interaction between two topological defects, or how the
ions in nematic fluids respond to an external electric field.
More complicated geometries would be interesting, such
as topological defects spanning over the whole system,
between particles, in confined cavities, or within mem-
ory networks, all systems that are today widely studied
and developed in non-electrostatic context. Finally, we
focused on this paper on equilibrium charge structures,
but the out-of-equilibrium dynamical properties would
be the logical next step. Already in isotropic systems,
ions have proven to be subjected to many interesting dy-
namical phenomena [98], and in the liquid-crystal context
have only been investigated in terms of anisotropic ionic
conductivity and anisotropic dielectric tensor [99]. The
coupling of ion degrees of freedom and nematic degrees
of freedom via flexoelectricity, ion partitioning, dielectric
tensor, and anisotropic conductivity, may certainly lead
to additional control and manipulation in these kind of
systems and possibly to the design of nanometer-sized
liquid-crystal electronic elements.
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